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© Modified polyester composition and preparation process and use thereof. 

© In preparing bioabsorbable polyesters containing glycolic acid unit and/or lactic acid unit by the polymeriza- 
tion of glycolide and/or lactide, compositions comprising polyester-silicone copolymers obtained by conducting 
polymerization in the presence of silicones and the effect of merely mixing the above bioabsorbable polyesters 
with certain kind of silicones upon the modification, thereby attaining flexibility in particular, of the bioabsorbable 
polyesters, are disclosed. For example, lactide, glycolide and a silicone of formula 



CHi 

I 

HO -f- Si-O — H- H 
I 

CH 3 



CM 

< I 

m and M.W, 41,300 were polymerised together. Test tubes coated internally with the polymer maintained the 

§5 flowabiiity of blood some 2-4 times more than uncoated tubes. 
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MODIFIED POLYESTER COMPOSITION AND PREPARATION PROCESS AND USE THEREOF 

The present invention relates to a bioabsorbable modified polyester composition mainly used for 
medical materials, a preparation process thereof and use of the composition. 

The main ingredient of the modified polyester of the invention is a polyester containing at least gh/cohc 
acid recurring-units and/or lactic acid recurring units, or a polyester containing at least silicone modif.ed 
qlycolic acid recurring units and/or silicone modified lactic acid recurring units. 

The present invention also relates to a modified polyester composition which can <mprove flex.b...ty and 
softness of bioabsorbable polyester and extend its use for medical materials. 

^SUst^repreaer^ by polylactic acid (hereinafter abbreviated as PL A), P olyg.ycol.c acid 
(hereTnanef SbrSd as PGA) andg.ycolic acid-lactic acid copolymers (hereinafter abbrev^ted as PGLA, 
, are interesting bioabsorbable materials. These materials are nonenzymatically hydroiyzed in vivo. The 
diompoS products, g.yco.ic acid and lactic acid, are finally converted to carbon diox.de and water 
throuah a metabolic pathway, and are excreted externally. 

For exTmp.e. high molecular weight PGA is processed into a form of fiber and used for aseptic surgery 

« m ^Tp^T^o^Z% in processability and solubility in solvents and hence have already 
been used as the matrix of slow release medicines for intravenous injection by being processed .nto, for 

eXa CanTsrP?tenrPub.ication SHO 64-2383(1989) has disclosed that PGLA and PLA are processed into 
th P form of film and used an adhesion inhibitor for curing diseases due to tissue adhesion. 

, The p epS^on of polyesters such as PGA, PLA and PGLA is well documented in the literature as 
exempted by Polymer Vol. 20. p1459(1979). The preparation is generally earned out by the ™*op»W 
potation" of glycolide and.or lactide which are dehydrated cyclic dimers <*Jl'^^™ c ^ 
A process for preparing polyesters by the dehydrating polycondensation of glycol.c aaO and. or lactic 
acid also dfsdosed in. for example, Japanese Patent Laid-Open Publication SHO 56-45920(198! ). 

J5 Pollers such as PGA. PLA and PGLA are excellent in bioabsorbability and hence utilized m various 

mea iSce^tiy Tl has been further desired to provide flexibility and softness to these polyesters. 

For examp e PLA and PGLA have a good film-forming ability and have been known to form a tough 
fi, m bv caTno a solution of PLA and PGLA. However, these films are stiff and unsuitable for use m v.vo, 

30 Parti Sln g r JSSE^E STe present inventors, it has been confirmed that even the film of PGLA 
which is said to be the most flexible becomes stiff by completely removing the solvent remam.ng ,n the film 

^p'Sed embodiments of the present invention may provide a novel modified P°W" <™»*^ 
as and copolymer which are flexible, bioabsorbable and useful for medical materials, a preparation P^cess for 
^e composTtion and copolymer, and an intravital* implantable materia, prepared from the compos.tion and 

C ° P AsTIesult of an extensive investigation carried out in order to solve the above problems, the present 
investors have unexpectedly found that, in the preparation of a bioabsorbable po.yester composed of a 
40 g.yco ^ic acid unit and or a lactic acid unit, a composition containing a po.yester-si.icone copolymer ob^ned 
by polymerizing glycolide or lactide in the presence of a silicone, or a mere admixture of the above 
bfoabsorbable polyester with a certain kind of silicone is effective for the modification of the bioabsorbable 
nolveste! Particularly for the improvement of flexibility. Thus the present invention has been completed. 
P TnTaspeToMhe present invention is a polyester-silicone copolymer obtained by conducting the nng- 
, 5 opening ^erilal'of glycolide and-or lactide in the presence of a silicone having a hydroxy, group, a 
modified polyester composition containing the copolymer and a preparation process for the same. 

Mother aspect of the present invention is a modified polyester composition obtained by mixing . 
oolvestt containing at least a glycolic acid unit and,or a lactic acid unit with a polyether modified s, cone, a 
CoTymer th^of a nd an in travLy implantable materia, composed of the ^^Z^V^^ 
The present invention provides a novel modified polyester composition, a copolymer and a mixture, any 
of wWch has a silicone chain in the polymeric structure. The novel and modified po.yest er compos bon^ 
copolymer and the mixture thereof are excellent in flexibility, solubility and surface smoothness as 
comoared with conventional bioabsorbable polyesters. aKmio 
AddiSonally, the present invention P rov,des a simple and reasonableness ^W^j^Jf^ 
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properties of the resulting modified polyester compostion, the copolymer and the mixture, for example 
hydrolability, solubility, and processability can be controlled by adjusting the amount and molecular 

weight of the silicone. . . _„ 

Further, the modified polyester composition and the copolymer which are provided by the invention are 
readily mixed with conventional PGA, PLA and PGLA, and hence can be utilized for the mod.f.cat.on of 
these conventional polymers, particularly for the improvement of flexibility and solubility. 

Further, the present invention provides a modified polyester composition obtained by un.formly m.x.ng 
the bioabsorbable polyester with a polyether modified silicone. 

The modified polyester composition of the present invention can provide medical mater.als which are 
soft and have good processability and high biocompatibility. for example, implanting mater.als such as 
artificial blood vessels, adhesion inhibiting materials, surgical sutures, coating materices for surgical sutures 
and matrices for slow release medicines. 

A detailed description will hereinafter be made of embodiments of polyester-s.l.cone copolymer of he 
present invention, the modified polyester composition containing the copolymer, the process for the 
preparation of the copolymer and the composition, the modified polyester composition containing the 
silicone and the bioabsorbable polyester, and the intravital^ implantable material composed thereof. 

The principal ingredient of the copolymer and the composition in the present invention ,s the 
bioabsorbable polyester which is obtained by conducting the ring-opening polymerization of glycolide 
and/or lactide and has the glycolic acid unit and/or the lactic acid unit, or the polyester-silicone copolymer 
having the hydroxyl group containing silicone and the glycolic acid unit and/or the lactic ac.d unit as the 

COn Thf gfycoTde and the lactide for use in the preparation of these ingredients are cyclic dinners, each of 
which is readily prepared by the dehydrating polymerization of glycolic acid and lactic acid, and successive 

dehydration, respectively. j-.^, n t i 

Lactide includes D-lactide which is a cyclic dimer of D-lactic acid. L-lact.de which is a cycl.c d.mer of L- 
lactic acid, meso lactide which is a cyclic dimer of D- and L-lactic acid, and DL-lactide which is a racem.c 
mixture of D- and L-lactic acid. Any type of lactide can be used, in the present invention. 

The polymerization in the invention can also be carried out in the presence of other lactones in addition 
to glycolide and/or lactide which are employed for the monomer. Exemplary lactones include * - 
propiolactone. fi -butyrolactone, fi -valerolactone. 5-valerolactone. e -caprolactone, p-d.oxanone and 3- 

The silicone in the invention refers to a polyorganosiloxane having recurring structural unrts represented 
by the formula (VI): 

R 

— e-si-o-h: — (vi) 

R 



wherein R is a hydrogen atom, halogen atom or an organic group; n is an integer of 1 to 4000; and each R 

may be the same or different. .. . 

The organic group represented by R in the formula (VI) includes, for example, a hydroxyl group, alkyl 
group, hydroxyalkyl group, aryl group, haloaryl group and polyoxyalkylene group. Exemplary polyor- 
ganosiloxanes include polydimethyl siloxane. polydiethyl siloxane, polyphenylmethyl s.loxane. polych- 
lorophenyl siloxane. polyfluoro siloxane and polyether modified polydimethyl s.loxane. 

Representative silicones of the invention have one or more terminal hydroxyl groups and are repre- 
sented by the formula (I): 

R 2 R 2 

I j 

R.-f-Si-O -hr- Si— R', ( 1 » 

i I 

I ! 

R 3 R u 

wherein R, and R,' are a hydrogen, an alkyl group, a hydrogen terminated Po'yavakyten. group having- 
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noivowalkvlene oroup having a polymerization degree of 200 or less, and at least one of R- and R- is a 
CZ^Z Hydroxy terminated group; R 2 and R 3 are alky, groups, pheny. groups or ha.ogen 
atoms and may be the same or different: and n is an integer of 1 to 4000. 

AnotherType of silicone of the invention has hydroxy, groups on the side Cham of the po.ys.loxane and 
is represented by the formula (IV): 

R i i R.i R : 3 

I I I 

R,--e Si-O^-r -t- Si-O-^-Si— R. , (|V , 

1 i I 

R i I R i : R i ~ 

A B 



75 



wherein R,,sa hydrogen atom, halogen atom, alky I group, or a phenyl group and may be the same or 
different' R« - is a hydroxy, group, hydroxyalkyl group, hydroxy terminated polyoxya.kylene group having a 
ootme ization degree of 2 to 200. or an aikyl group wherein one of its hydrogen atoms ,s substituted with a 
» S5S fe— pcJyoxya.ky.ene group; R, is a hydrogen atom, ha.ogen aton, alky, group. Phenyl 
group or the same group as R. a and may be the same or different: X is an integer of 4000 or less 0 
?nc.usive: y is an integer of 1 to 4000; and recurring unit (A) and recurring unit (B) are arrangea ,n random 

° r in No°p C a k rt icu.ar limitation is imposed upon the molecular weight of the silicone. The molecular weightfMw) 
25 is orefeSy from 1 000 to 300,000 and more preferably from 10,000 to 100.000 with molecular we.ght less 
Ln i 000 itTs often di Lit to give the polyester the desired flexibility. On the other hand, a molecular 
^^OB^CiJ. ?0 high vfecoslty of the si.icone itse.1 and difficulty in handling and also 
causes an unfavorab* ^m^aneous P*^*^^^ _ the mod!fi9d polyester composi tion 



30 rnntainino the coDolymer can be prepared by the following process. 

The ^amoums of the above gfycolid. and lactide for use in the preparation of the copolymer and the 
compo^rn of the Ivention are'determined depending upon the des.red ratio of the '-^ -d un, to the 
gUlic acid unit in the polyester. That is. the glycolide and lactide may be used s.ngly or as a m.xture ,n 

» ^ Se7aSar.y. the amount of glycolide and or lactide may be varied according » 

utilization of resulting modified polyester composition, polyester-silicone copolymer, or the compos t on 
S*S,ar. That is' ior example, when a polyester configuration in the structural u n,s of the 
moamed polyester or the polyester-silicone copolymer is polylactic acid or poiyglycolic acd lactide or 
rco. de respecUy, is used alone. When said po.yester is a copo.ymer of lactic acd and glycol.c ac d 
<° STSS^SS^ and glycolic acid can be determined depending upon the properties required for 
the resulting modified polyester or polyester-silicone copolymer. 

Generally known bioabsorbable polyesters obtained by the polymenzahon of glycol.de and- or lactide 
are Sy divSed into a lactic acd based polymer containing lactic acid as a principal compound. 
nLTc acid based polymer containing glycolic acid as a principal component. Glycol.c acd based h,gh 
45 proceLed into fibers and used for sterilized surgery matena.s such as 

molecular we.ght po.yme p copolyme rs and lactic acid homopolymers are excellent in 

^£^JS^T£^»6 are 'hence processed into pellets, needles, films and m cro- 
Xes "fnese materials used for intravital implanting or as a matrix for slow release medicines to 
?^venous Action. High molecular weight lactic acid homopolymers in particular, are processed into bars 
50 or olates and used for bioabsorbable bonesetting plates in the curing of fractures. e „ ftnocc « 

The ^modmed polyester and the polyester-silicone copolymer of the invention exhib.t softness as 
compare S I J * ^ polyesters, have further improved app.icabi.ity and are su.tab e for 
«aHv Tmplanting materials. This characteristic is attained with modified polyesters prepared both by 
S^oTSTakS and with the combined use of glycolide and lactide. Consequently, the modified 
ss poTestor composLn and the polyester-silicone copo.ymer having softness can be obtained and employed 

tZl^^:r^ ££ZSSZ-» oe determined depending upon the ob je c, 



EP 0 399 827 A2 



The amount of silicone added in the polymerization of the above glycolide or lactide is in the range of 
preferably 0. 05 to 50 % by weight, more preferably 1 to 20 % by weight. 

Glycolide or lactide can be polymerized substantially in the absence of a catalyst. However, it is 
preferred to use a catalyst in order to obtain a high molecular weight polymer within a short time. 

Various compounds which exhibit catalytic activity on the reaction can be used as the catalyst. 
Exemplary known catalysts include stannous octoate. tin tetrachloride, zinc chloride, titanium tetrachloride 
iron chloride, ether complex of boron trifluoride, aluminum chloride, antimony trifluoride, lead ox.de and 
other compounds containing multivalent metals. Tin compounds and zinc compounds are preferably used. 
A particularly preferred tin compound is stannous octoate. 

Polymerization may be carried out in the presence or absence of the catalyst. Bulk polymerization in a 

molten state is preferred. , , 

When the silicone used in the polymerization has many hydroxyl groups in s.de chains or a number ot 
oxyethylene groups at the end of polymer chain or in the side chains, the silicone is highly hydroph.hc and 
has good compatibility with glycolide, lactide or polyester chain resulting from the polymerization. Accord- 
ingly, molten polymerization or bulk polymerization using such silicone progresses in a homogeneous 

'^However other types of silicone are difficult to mix with monomers such as glycolide and lactide. 
Consequently, in the cases of molten polymerization or bulk polymerization in particular, it is desired to 
carry out vigorous stirring at the initial stage of polymerization to enlarge the contact surface of the silicone 

with monomers. ... , _ ^ ^^uir-,^. 

In the molten polymerization, the polymerization temperature may be in principle above the melt ng 

point of the monomer, i.e., glycolide or lactide. When solvents such as chloroform an ^ d ' ch f r ~^.^ 
used polymerization can be carried out at temperatures lower than the melting point. A temperature 
exceeding 250 ' C is unfavorable because decomposition of the resulting polymer takes place. 

The polyester-silicone copolymer of the invention and modified polyester composition contain.ng the 
copolymer can be prepared by the above preparation process. nrocenr< = 

According to the process of the invention, in the polymerization of glycolide or lact.de in the presence 
of the silicone, the polymerization initiates at the terminal hydroxyl group of a silicone polymer chain and/or 
the side-chain hydroxyl group. As a result, the polymer contains glycolic acid chain or lactic acid chain 
combined with the end of silicone polymer chain and/or the side chain. 

When the homopolymerization of glycolide or lactide or the copolymerization of glycoide and lact de is 
conducted in the presence of the silicone having at least one hydroxyl group at the end of s ...cone polyme 
chain the block copolymer thus obtained has a configuration individually composed of PGA chain (chair . of 
glyceric acid unit)- S ilicone. PLA chain (chain of lactic acid unit)-silicone. or PGLA chain (cha.n of glycol* 
acid and lactic acid units)-silicone. . . 

When glycolide is initially polymerized in the presence of a silicone having hydroxyl groups onboft 
ends of the silicone polymer chain and successively lactide is polymerized. PLA chain (A), PGA chain <B) 
and silicone chain (C) are combined and ABCBA type block copolymer can be '.obtained 

When the homopolymerization of glycolide or lactide or the copolymerization of glycolide and lactide is 
carried out in the presence of a silicone having hydroxyl groups in the side chains of the molecule, the graft 
copolymer thus obtained has a grafted chain individually composed of PGA, PLA ° r PGL *- 

When glycolide is initially polymerized in the presence of a silicone having hydroxyl groups .n the s.de 
chains and successively lactide is polymerized, the graft copolymer thus prepared can contain PGA-PLA 
block copolymer grafted on the side chains of the silicone. OCt ,^ The 

Polyester chain (P) and silicone chain (S) in the block copolymer may be a PSP type or PS type. The 
polyester chain which constitutes chain P may be the homopolymer of glycolic acid or lacti ,c acid I or me 
block copolymer or random copolymer of these monomers. The structure depends upon the charging ratio 

a "tSSr^:e— n is exemplified by the polyester-silicone copolymer 

represented by the following formula. 

A polyester-silicone copolymer represented by the lormula (II): 
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R 5 0 
!l 

' U > 



•0-CH-C-hrO-e-SL-0->Tr-eC-CH-0-t 

I ! ' 

R 4 R, R4 



70 



the same time; and n is an integer of 1 to 4000. 

A polyester-silicone copolymer represented by the formula (111): 

0 R" R' 8 



75 



' '111 > 



H0CHC^O-^R,^-^SiOh^SKR,-7Tr-0-CCll0>T 
l 



3 



R i o Rio R 



20 



« R, is an avians group o, an o,ya, k y.e,» group; R, is a nydrogan ™« >^??%? °£ 



inclusive; and n is an integer o1 1 to 4000. 
25 A polyester-silicone copolymer represented by the formula (V): 



30 



R :• 




(V » 



35 



A B 



polymerization. ^n^d hv the oolvmerization of glycolide or iactide in the 

S?M<MM as unraaasu s,,.cone, and ■^S^Tl--^ a 

P °ToTSS on ofSiaration and purification results and characterization of the separated copo.ymer can 
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be carried out by gel permeation chromatography (GPC). nuclear magnetic resonance (NMR). infrared 

adsorption spectroscopy (IR) and solubility test. 

Exemolarv modified polyester compositions of the invention include: 

ma composition containing the above polyether-si.icone copolymer as a repu.red c^-^ 
$ a composition containing the specific si.icone compound and the polyester composed of at .east 

«oT^^ — - — 

^'Thfmodified polyester composition containing the po.yester-si.icone copo.ymer 'J**"*^'^ 



20 



25 



30 



35 



40 



45 



produced. A Km concentration o( hydroxyl groups in n » ,„_„. Tr ,. | 0W concentration of 

copolymer produced and the amount of single polyester , ««« » ™ me u „ eacted 

hydroxyl groups also fowers £nm. ' <^T3STlr!L nST ".la to make the 
SJSJTSit^SSSS ^r,rr/n increase ,n „te amount o, fhe onreacted silicone 

^S^uC'eaaiction ,a imposed upon fhe proportion o, each component h£i ""J****— J 

-"STJSSSS— dompoeftton „ the invention may also he prepanet MJ-jm-JJ 
componenfa from the mixture obtained by the above preparation P™^^^™,™ precipitation 

heating under reduced pressure in the latter hall of or aft "» ^"^^ , compo aitipn obtained by 

rent™^^^ 

by weight of the polyester-siiicone copolymer. mivtlir<a of the oolvester composed of 

l^^rsasss ^■=rs-"^ - - - - . 

"^ne^n^^^ 

poiyetha, modified siiiddne « good ^^^TSE^S^ Lit. It has been 
the polyester-silicone copolymer of the 'mention . a i p y compatibility with conventional 

un expec«ed.y found that the polyether mo d, Jed « ^^^Xo^gZU to the po.yester. 
; polyesters such as PGA. PLA and PGLA and >s hence eneci-ve p « j(j umts and/or 

The polyether modified silicone to be m,xed with the polyes ^ ^vmg at least 9'yco 

lact ic acid units is.a P*«K^^ 
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4 o ^ onn Mn rwticular limitation is placed upon the molecular weight. However, 

"gh molecular compounds such as polyorganosiloxane which have Si-0 bonds ir , «■ ; pnncipal chain 
have a" high bending ability of the chain and a weak intermolecular force, and hence have a low glass 

™™rii.s For examole polyether modified silicone having a slructure in »hteh about a hall ot many. 
S^n po^ioTZlU is replaced wKh polyoxyerhyien, olrain » PGLA 

or both of the silicone and the polyester in the solvent. 

, -i ~rs= =i-jsns= -a==sssi » ~ • - 
beSSS bEwKssb =;===-■== 

sheets, bonesetting plates in the form of plates or ^ a "" d " J'f ^ hydrophilic property of the 
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provided by the invention and constituted with the modified polyester composition, copolymer or he 
mixture can provide lubricity to the material surface as a result of the property of the silicone. Hence the 
material can enhance the ligating property (ease of knotting) of sutures when the mater.al is employed for 
the coating of surgical sutures. 

The present invention will hereinafter be illustrated further in detail w.th reference to examples. 

Physical and chemical properties in the examples were measured by the following methods. 



Polymerization rate ; 

After completing the polymerization reaction, the reaction mixture was dissolved in 
hexafluoroiso P ropanol(HF.P) or methylene chloride to make a solution having a known concentration. The 
amount of residual monomer was determined by gas chromatography and the polymer.zat.on rate was 
calculated. 



75 



20 



Average molecular weight; 



Polymer was dissolved in HFIP and weight average molecular weight (Mw) and number average 
molecular weight (Mn) were measured by gel permeation chromatography (GPC). 



Solution viscosity; 



2 5 Polymer was dissolved in chloroform to prepare a solution having a concentration of 0.5 g/d II viscosity 
was measured at 25*0.05° C. with an Ubbelohde viscosimeter. Solution viscosity , was calculated from the 



following equation. 
v = log e (Ti/To)/C 
wherein 
30 To = Blank test time 
Tt = Test time 

C = Concentration of solution (0.5 g/100 ml) 



40 



35 Tensile strength test; 

A film test piece having a width of 10 mm and a length of 50 mm was prepared. Tensile strength was 
measured with a chuck distance of 20 mm at a chuck separation rate of 50 mm mm. 

Composition of copolymer; 

Sample was dissolved in a deuterated chloroform/HFIP mixture (1/9) and H-NMR spectrum was 
measured with a 90 MHz NMR equipment. The mole ratio in the copolymer composition was calculated 
torn the peak strength ratio based on methyl hydrogen in dimethylsiloxane, methylene hydrogen in glycolic 
acid unit, and methyl hydrogen in lactic acid unit, respectively. 

Glass transition temperature (Tg); 

Tg was measured with a differential scanning calorimeter at a temperature rise rate of 10 ' C/min. 



45 



SO 



Hydrolysis test; 

A film specimen was immersed in a phosphoric acid buffer solution (pH 7.3) at 37 ' C for a week. 
Evaluation was made by weight loss rate and Mw decrease rate of the film after .mmers.on. 
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Examples 1 - 5 

• +■ rs it ,ho r 1 1 n of lactide and 4.36 g of glycolide were charged and various 

Tr*T« 0 \ml o stannous octoate solution in toluene (64.8 mg;10 ml) was added. The polymer.zat.on 
f h V nlr Til * deaassi no cVk dried by deairing for several hours and melt-sealed under vacuum. 
w ^TjSJStt™* 180 tor l8 9 hour, Reaction mixtures obta.ned are illustrated ,n 

Tab, The reaction product contained a small amount of residua, monomers and illustrated that P^^-on 
a L * hinh ratP GPC measurement revealed that most of the reaction product was polymers 
n:7^Xr^^:ZL than the sHicone used and also confirmed that almost no 

evaporated I room temperature to form a film. The film was further dned at 5 0 C for 24 hou^ under a 
reduced pressure of 3 mm Hg. Complete removal of the residua, solvent in the fdm was conf.rmed by .H 

20 mea Re r s e ul nt of tensile strength test at 37 ' C are illustrated in Table 2. Any of these films had very low 
tensile Young's modulus and high elongation and were soft. 

Any of these polymers were hydrolyzed in an environment s.m.lar to m vivo, and the weight *nd 

'^ZSZXZZ* suited for applying to intravita. tissue in the form of. for example, implanting 
25 material or adhesion inhibiting material- 

Comparative Example 1 

Polymerization was conducted by the same procedures as earned out in Examples M I - 5 e xcept mat 

35 of Examples 1 - 5. Results on the hydrolysis tests are also illustrated in Table 2. 
Comparative Example 2 

calculated from GPC was 52000. Fxamole 1 Results on tensile 

that of Example 1. Results on hydrolysis tests are also .llustrated in Table 2. 

Examples 6 - 8 and Comparative Example 3 

. m ^i, a tinn tube 5 76 a of L-lactide and a prescribed amount(Table 3) of poiydimethyl- 



40 



45 



50 
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methanol insoluble polymer was dissolved again in methylene chloride and the solution thus obtained was 
^ccesstely poured into n-hexane. The resulting precipitate was filtered and dried to obtain polymer. The 
unreacted silicone was soluble in n-hexane. and hence removed into the filtrate in this step. 

The polymer obtained had only one peak in the GPC curve. MMR spectrum o the isolated pofymer 
clearly exhibited methyl hydrogen peak (1.6 ppm) and methylene hydrogen peak <* 1 ^^^ 
from PLA and additionally methyl hydrogen peak (0.08 ppm) resulting from sihcone. These «sutep™ed 
that the polymer obtained had a bonded structure of polyester chain and s.hcone chain. Copolymer 
compositions calculated from peak strength ratio are illustrated in Table 3. 

The polymer was dissolved in chloroform and cast on a Teflon plate. Solvent was evaporated afoorn 
temperature and completely removed by further standing under reduced pressure. A transparent film was 
obtained. Results on tensile strength test are illustrated in Table 4. The films obtained ,n Example s- had 
definitely lower tensile Young's modulus and were softer than the film obtained in Comparative Example 3. 



75 Examples 9-11 and Comparative Example 4 

To a g.ass polymerization tube, prescribed amounts(Table 5) of DL-lactide, glycolide and ^methyl- 
si.oxane (average molecular weight 8900, hydroxyl groups at both ends) were charged anc .0 1»n t of a 
stannous octoate solution in toluene (64.8 mg/10 ml) was added as a catalyst. The tube was 
20 degassing tube, dried by debating for several hours and melt-sealed under vacuum. Polymerization was 
carried out by dipping the sealed tube in an oil bath at 180 C for 18 hours. 

After finishing the polymerization, the reaction mixture is dissolved in 100 ml of methylene chloride and 
poured nto about 1000 ml of n-hexane. The precipitate formed was filtered, dried and dissolved again in 
methylene chloride. The resulting solution was successively poured into methanol. The preap.tate formed 
25' was filtered and dried to obtain polymer. mm „ rpf) 
The polymers obtained in Examples 9 - 10 had lower g.ass transit.on temperatures (Tg) as ^pared 
with the polymer obtained in Comparative Example 4 and hence flexibility was clearly Jv« 
polymers obtained in Examples 10 and 11 in particular, was close to body tempe ature (37 C ) and 
Sence the cast film was converted to very soft film while handling the film. These Mma were suitab.e for 
30 applying to soft tissue as implanting materials or adhesion inhibiting materials. 
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Example 12 



Into a test tube, 1 S of the composition obtained in Example 3 and 1g of the polymer obtained in 
Comparative Exampie I were charged and stirred for 5 minutes under a nitrogen stream in , jn o, ba h of 
200 °C. A uniform mixture thus obtianed was dissolved in chloroform and cast on a Teflon plate to form a 
film of 84 urn in thickness. The film had a tensile Young's modulus of 5.5 kgfW and an elongation of 520 



Exampei 13 

into a test tube, 1 g of the polymer obtained in Example 8 and 1 g of the polymer PLA obtained in 
Comparative Example 3 were charged and stirred for 5 minutes under a nitrogen stream ,n an oil bath of 
200 * C. A uniform mixture was obtained 
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Example 14 



One part by weight of a 10 % methylene chloride solution of the polymer obtained in Example 2 was 
mixed with 10 parts by weight of a 10% methylene chloride solution of polydimethylsHoxane hav.ng methy 
^ups aTboth P ends y (-CH3 type. Mw 8000). The resultant dispersion maintained stab.e state for about 
cpv^rai hours and thereafter separated into two transparent layers. 

TL ZpeTs^asc^ on a Teflon plate. The film thus obtained(blended film) was translucent and 
softer han ?he film obtained in Example 2 as illustrated in Tabkj 6. The film w, ydr^zed under an 
environment similar to in vivo, and weight loss and molecular weight decrease were observed. 
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Example 15 

Into a test tube 1 g of copolymer obtained in Example 8 and 0. 2 g of polydimethyis.loxane having 
methyl groups at both ends were charged, and stirred for 5 minutes under a nitrogen stream in an o.l bath 
at 200 * C to obtain an uniform mixture. 



Examples 16-18 

A 10 % methylene chloride solution of the copolymer PGLA obtained in Comparative Example 2 was 
mixed with silicone having hydroxyethyl groups at both ends (t-ROH type, or silicone having , po.yox- 
"ethy.ene cha.ns in the side chains (b-ROH type, in an amount of 20 parts by we.ght or 10 par 
respectively, per 100 parts of the polyester. The mixtures were individually cast on a Teflon P^ndtta 
solvent was evaporated at room temperature to form films. Residual solvent ,n the f.lms was completely 
removed by drying at 50* C for 24 hours under reduced pressure of 3 mm Hg. 

Table 6 illustrates results on the tensile test of films. L,„ H ,«i„«rt 
Any film had very low Young's modulus and high elongation and was soft. These hlms were nydrolyzed 
under an environment similar to in vivo, and decrease in weight and molecular weight was observed. These 
films were suitable for applying to soft tissue as implanting materials or adhes.on mh.b.t.ng nwter.als. 

Example 19 

A 10% methylene chloride solution of the copolymer obtained in Example 3 was i m.xed witha 10% 
25 methylene chloride solution of po.yether modified b-ROH type silicone (OH equivalent 800, ,n an amount of 
?0 parts by weight per part by weight of the copolymer. The mixture obtained was unrform and transparent 
The mTxture was cast on a Teflon plate and dried to form a film. The film thus obtained (blended Mm) was 
uniform transparent and softer than the film obtained in Example 3 as illustrated in Table 6. 

Tese films were hydrolyzed under an environment similar to in vivo, and we.ght and molecular we.ght 
30 of the films decreased. 
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Exam pie 20 

Chloroform solutions each containing 5% of polymers obtained in Example 1 and Example 8 were 
Mi^uXd^ in test tubes of 1 cm in diameter and solvent removed with rotat.on at a temperature 
^I^ZSLte to 50 ' C under reduced pressure of 5 mm Hg or less. Thus, the mternat surface of 
the r^l^^nLmly coated with the polymer. Directly after blood collection, 1ml of whole human 
bloo wis charged to the test tube and maintained at 37 " C. After standing for 5 minutes, the test tubes 
were tS * an angle of 45 degrees every minute and whether the blood flowed or not was observed^As a 
mTco^^ test 10 times, the period until stopping the flowabihty of the blood was from 2 to 4 
times longer in the coated tube than in an uncoated tube. 
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Table 2 











Hydrolysis, 1 week 




Film 
thickness 


Young's 
modulus 


Elongation 


weight 
loss 


Mw 
decrease 




(um) 


(Rgf/mm 2 ) 


(%) 


(%) 


(%) 


Example 1 

2 

3 

4 

5 


88 
93 
90 
88 
85 


0.3 
4.7 
0.8 
2.1 
8.9 


700 
660 
780 
690 
400 


13.2 
3.2 
4.9 
4.4 
3.7 


64 
31 
37 
47 
40 


Comparat. Example 1 
2 


89 

| 48 


103 
121 


70 
25 


8.1 
3.2 


49 

67 
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Table 4 





Average film 
thickness 


Young's 
modulus 


Elongation 


( um ) 


(Kgf/mm 2 ) 


(%) 


Example 6 


33 


64 


150 


7 


38 


29 


465 


8 


30 


87 


19 


Comparat. Example 3 


32 


188 


3 
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Table 6 















Hydroiy 


sis 1 week 


Blended 
silicone 


Total silicone 
content in film 


Average film 
thickness 


Young's 
modulus 


Elongation 


Weight 
loss 


Mw 
decre-ase 


(wt. part) 


(wt. part) 


(urn) 


(Kgf/mm 2 ) 


(%) 


(%) 


(%) 


Example 14 

16 

17 

18 

19 


-CH 3 10 
t-ROH 20 
b-ROH 20 
b-ROH 10 
b-ROH 10 


21 
20 
20 
10 
21 


89 
87 
77 
79 
93 


0.6 
6.9 
8.4 
12.2 
0.3 


800 
610 
550 
. 350 
820 


4.3 
10.5 
14.0 
8.6 
8.8 


21 
58 
58 
63 
26 
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Claims 

,1) A modified polyester composition comprising . glycplic acid unit ardor a .actio acid unit as a basic 

(5) The modified polyester composition of claim 3 wherein me silicone y 
hydroxyl group is represented by the formula ( I ): 

R 2 R 2 

i i • . 

R.-eSi-O^r- Si-R. . , 

I ! 
R 3 R = 

wherein R- and R- are a hydrogen, an a, k y. grouo.a ^TZ^X^ 

polymerization degree of 200 or .ess, a hydroxy. • ^ P J r. and R-' is a 

R 5 0 

II 

4-Si-0-*r-f C-CH-O-f-5— 

' I i 
r 4 R, R< 




II ) 



wherein FU is a hydrogen atom or a methy, group; R 5 »dRs « ^ ^ ^Tn? are not STt 
40 atoms and may be the same or different; x and y are integers of 5,000 or less. 

" !Ta dasic u nK represent P, .Pa — m 



45 



R, Ri 8 



0 j ( 

C0CHC^0H:R,>^Si0.hr-$KR^0^CCH0), 

1 i * HI ' 



50 



R 



R i o Rio R 



55 



««* R, ,s an aliens 8 , W or an oxyafityKane 9= . « " ' —7^, « 

'^^Pd"/^^^^' o, c,a.m 6 — dotn Rs and He in said fi»m u ,a < i. , are a 
methyl group. 
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(9) The polyester-silicone copolymer of claim 7 wherein both R s and R,o in said formula (III) are a 

metl (i y 0) 9 A modified polyester composition obtained by conducting ring-opening polymerization of glycolide 
and/or lactide in the presence of a silicone having a hydroxyl group in a side chain of the molecule 

(11) The modified polyester composition of claim 10 wherein the silicone having the hydroxyl group in 
the side chain of the molecule is represented by the formula (IV) : 



R i i Ri« ? 



! 3 



70 



T5 



R ir -e Si-O-hr -eSi-O-H-Si— Ri . 

R , , R.3 R.3 (lv> 

A B 



wherein R. , is a hydrogen atom, halogen atom, alky I group, or a phenyl group and may be the same or 
different; R, a is a hydroxyl group, hydroxyalkyl group, hydroxy terminated polyoxyalkylene group .having a 
20 polymerization degree of 2 to 200. or an alkyl group wherein one of its hydrogen atoms ^ substituted wrth a 
hydroxy terminated polyoxyalkylene group; R., is a hydrogen atom, halogen atom, alkyl group phenyl 
group or the same group as R, 2 and may be the same or different; X ,s an integer of 4000 or less 0 
inclusive- y is an integer of 1 to 4000; and rercurring unit (A) and recurring unit (B) are arranged in random 



25 



30 



or in block. 

(12) A polyester-silicone copolymer represented by the formula (V): 
R J 4 R 1 5 R 1 6 

I I \ . 

R,t- -fc-Si-O-h? -eSi-0-*r- - Si — Ri 4 

I I I 

R i j R i e R i 5 

A B 



(V) 



35 



wherein R,. is a hydrogen atom, halogen atom, alkyl group or a phenyl group, and may be the same or 
different with each other; R„ is a polyester group or a -P-Q group wherein P is an oxyalMeW. 
polyoxyalkylene group having a polymerization degree of 2 to 200. or a PoljW-kyl«9™uP bonded to 
<o "n alky, group and Q is a polyester group and may be a homopo.ymer, block f 0 ^™**'^™ 
copolymer of g.yco.ic and lactic acid; R„ is a hydrogen atom, halogen atom alky, group, ^9'»P^ 
the same group as R„. and may be the same or different with each other; x ,s an integer of 
inclusive; y is an integer of 1 to 4.000; and recurring unit (A) and recurring un.t (8) are arranged m random 

«e ^ '"(^A modified polyester composition comprising mixing a polyester having at least a glyeolic acid unit 
and.ir a lactic acid unit as a basic structural unit with a modified polyester composition of one of from cla.m 

1 t0 (l'Ji AmoSed ^^composition comprising mixing a polyester having at least a glyeolic acid unit 
and,or a lactic acid unit as a basic structural unit with a polyester-silicone copolymer of one of from cla.m 6 

t0 '(I ?) A modSed polyester composition comprising mixing a polyester having at least a glyeolic acid unit 
and/or a lactic acid unit with a polyether modified silicone. 

(16) A modified polyester composition comprising mixing a modified polyester composition of one of 
from claim 1 to claim 5. claim 10 or claim 11 with a polyether modified silicone. 
55 ( 17) A modified polyester composition comprising mixing a polyester-silicone compolymer of one of 
from claim 6 to claim 9. or claim 12 with a polyether modified silicone. 

(18) A process for preparing the modified polyester composition of cla.m 2 comprising conducting r.ng- 
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10 



75 



(,«, A pree.es .o, prying a pe,yes«er-*ea. eepo.ym., e, eae * «m— . * 
12 eomarising the slaps ol eeaductiag ring-apening polyraenzation of 9'» c ™™ *™ or 
^.To. alseea. hU> • Py*ex y , .roup .ad ,,^r .tS coaaae.ag ring. 

- V^^tS'S-^C — Po.ves.er a^oa o. one a, ,.a m c*» 
claim 9, or claim 12. 
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© Modified polyester composition and preparation process and use thereof. 



© In preparing bioabsorbable polyesters containing 
glycolic acid unit and/or lactic acid unit by the poly- 
merization of glycolide and/or lactide, compositions 
comprising potyester-silicone copolymers obtained 
by conducting polymerization in the presence of 
silicones and the effect of merely mixing the above 
bioabsorbable polyesters with certain kind of sili- 
cones upon the modification, thereby attaining flexi- 
bility in particular, of the bioabsorbable polyesters, 
are disclosed. For example, lactide, glycolide and a 
silicone of formula 



the flowability of blood some 2-4 times more than 
uncoated tubes. 



HO 



CH 3 



Si-O- 
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and M.W, 41,300 were polymerised together. Test 
+,,k«o ^oioH in+omaiiw with thfi nnlvmer maintained 
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